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© Nonlonlcally and partially anlonlcally stabilized waterdfsperslble polyurethane/acryllc draft 
copolymers. ... ■ . 

© iWater-dilutable . polyurethane/acrylic copolymers which may be either completely nonionicalty stabilized or 
partially nomon.cally and partially anionically stabilized comprise the reaction product of an ethylenically 
terminated I polyurethane macromonomer containing poly(oxyalkylene) segments and one or more ethylenically 
unsaturated monomers selected from acrylic acid, methacrylic acid, tumeric acid, styrene. vinyltoluene. and alkyl 
and hydroxyalkyl esters of acrylic, methacrylic. and furamlc acids. The copolymers are useful as principal resins 
and as pigment gnnd resins in water-borne automotive base coat paint formulations. . , 
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NONIONICA1XY AND PARTIALLY ANIONICALLY STABILIZED WATER-DISPERSIBU 
POLYURETHANE/ACRYUC GRAFT COPOLYMERS 



Technical Field 



This invention relates to water-dispersible polymers useful in the preparation of automotive coating 
5 formulations. Mom particularly, the present invention concerns water-dispersible polyurethane/acrylic graft 
polymers having utility as principal resins and as pigment grind resins in automotive coating compositions. 
This invention also concerns coating compositions containing such polymers, and articles of manufacture 
coated with such coating compositions. 

70 

Background of the Invention 



Multi-layer coating systems are well known in the coatings industry. One area in which multi-layer 
ts coating systems have become increasingly utilized is the area of decorative and protective coatings for 
automotive vehicles. A common multi-layer coating system for automotive application is the so-called "base 
coat/top coat" system in which a thicker layer of clear, unpigmented topcoat is applied over an underlying 
thinner layer of pigmented base coat The base coat may contain reflective particulate flake materials such 
as aluminum flake or mica flake to impart "sparkle" to so-called metallic finishes. 
20 These base coattop coat coating systems may comprise either w wet-on-wet" one-bake systems In 
which the clear top coat layer is applied over an unbaked base coat layer with both layers being cured in a 
single subsequent bake curing step, or -multiple-bake 0 systems sin which a clear coat is applied and cured 
over previously applied and cured base coats. Modem multi-layer coatings systems are typically of the wet- 
on-wet one-bake type which eliminate or minimize problems of adherence between the layers which may 
2S sometimes result with multiple-bake systems. 

Early base coat/top coat coating systems for automotive applications generally comprised solvent- 
borne, pigmented base coat compositions and solvent-borne clear coat compositions. However, rising costs 
of solvents and the growing concern over the environmental impact of organic solvents has forced research 
efforts in recent years to turn toward means for eliminating or minimizing the organic solvent content of 
30 coating compositions. - * v 

A certain degree of success has been achieved in lowering the total volatile organic content (VOC) of 
mutti-coat systems by reducing the organic content of both the base coat and top coat compositions. For 
example, recent developments in multilayer coating systems have seen the introduction of water-borne 
base coat compositions. One example of such water-borne systems is disclosed in United States Patent 
35 4,794,147 whfch employs as principal resin and/or pigment grind resin a water-disperslble polyurethane 
resin. Coating formulations based upon these water-borne polyurethane resins can generally be applied to 
substrates over a broader range of ambient temperature and humidity conditions. Another type of water- 
borne system ts exemplified by anionically stabilized acrylic resins of the type disclosed in United States 
Patents 4.403.086 and 4,518.724. Acrylic resins are generally characterized by good durability and 
40 weatherabifity, but sometimes suffer from the shortcoming that they must be applied within a narrow range 
of temperatures and humidities to avoid problems of flow and sag. 

Anlonlcalry stabilized acrylic resins are typically formed by the polymerization of a mixture of acrylic 
monomers wWch contains a certain fraction of carboxyl group-containing monomers such as acrylic acid or 
methacrytic i''^'llie^ir^'l»'di8persed in water and stabilized in aqueous medium by conversion of at 
48 least a portion of fte^catxSqrf "groups to carboxylate salt groups by neutralization with a base, typically a 

tertiary amln*it^^^^5 - nj l t 

Present-day cOTWercially viable clear top coats typically are based upon alkylated meiamlne resins 
which are tnarrria^ in the presence of one or more acid catalysts well known In the art Acrylic 

resins whfcrr ere Stis»|nked t# melamine resins are presently the resins of choice for top coats because 
so of their exc^onai ojcaelmd oHirebSRty. qualities which are highly desirable for the clear top coat in a murti 
layer oitDtriot^ A thorough discussion of so-called "monomeric" highly alkylated 

metemine n3sta^*f»I^erte" less highly alkylated malamine resins can be found in Hirsch, Albert J- 
•50 Years ef Airtne Coating Resins," the Winchell Co., Philadelphia, PA 1986, the contents of which are 
irxxirporatBd he^ by refere<K». - 
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case, organic solvents are usually required to 9eneraUc,d ******* However, in either 

highly alkylated monomeric meliine 2n TpS S?tr^ ,-n8 0084 *«"**»« The 
permitting higher solids loading. ^ J^I^Tw^ T*™ Or0anic S0, ™ te - 
resins, on the other tend, form more viscous SS?Z, '^fT 8 * P**""* melamine 
solids clear coat formulations Cannot 9enera "y 06 employed to form high 

r r to i ir&ts* stsr it coat * - - 

Homeric melamine top c«t ^STTE!? 2 btems I tave ^ preferred 

generally not entirely compatible with antafcSv^Si^T 9 9 "* Catalysis *» ™""B are 
systems where the base coat res iris are S^TS-JT^ f* ° Mt r6sinS - ,n ^-on-wet oneiake 
which is freed from the l^^^^J?!^**" 6 Action-containing type, ami™ 

catalyst empioyed to oXTJS^SiSS S^'T*" * p0 * B * * 
in an incomplete* cured top cot* bTrttoaZ^^UtZ?', , ** T~ ™ S ^ SOme1imes ~* 
and weatherabiBty. On the other JZ^^S^X^ *"ZL ******** ""age. durability 

formu^ons. Si^r^ ^ * in «~ «l paint 

solids, highly alkylated famine iS^^^SSS! " M ' and which « «* 



Summary of the Invention 



30 



copoZTZp^ • ^ dilutable polyuretha^aoyilc graft 

which is the reaction product of S^Zte- J?S? tf? - ™c~mer 
reactive with Isocyanate; IB) a po yeZ £2?, TJL f Z£T * ,8aSt ^ ^oral groups 
one or more ethy.erdca.ly unsaturated mourners ZtlCn^JT*" «« B > 

coat paint formulations suitable for application J JLT ™f f^f* 3,9 P 1 ™ 1 **" pigmented base 
above described pc*wl£i£^ S° ^ff *** *° 

are provided substrate bodies c^ Z w oZLVl^ * *" preS9nt "««*n. there 

polyurethane/acrylic graft copolymer 888 0081 >eyers the above^escribed 



Detailed Description 



The resins are particularly adapted for use as hnTZ^ ^ !* e *" co * w aqueous media. 
In water-borne coating iS WsTns^thTs H ""S * »» p '° ment »** «si" - 

polyuretbane resin compositions ^Z^^^T^T^ * ^ <* W-«r of 

By varying the composition and ratios of eScl^^T^^ "2° 8 
composition of the polyurethane graft sfdeYhSL rtT^TT*l h - ^ backbone - "» - 
ac^nc backbone; design of tterSi ^ 

wlft anaikoxypoiwoxvalkylen^a^a^ one end 

Isocyanate functional orouDS. tim. rZzZ.^ ' 9 0m P° u ™' cortalnlnfl' at least two 
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diisocyanate such as the isocyanurate of 1 ,6-hexamethylene di isocyanate. The polyisocyanate is preferably 
a diisocyanate, for example, hydrocarbon diisocyanates or substituted hydrocarbon diisocyanates. Exam- 
ples of compounds which may be utilized include, but are not limited to phenylene diisocyanate, biphenyl 
^'-diisocyanate, meta -xylylene diisocyanate, toluene diisocyanate (TDI), 3,3'-dimethyK4-biphenylene 
diisocyanate. 1 ,4-t e ti am el h ylene diisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4-trimethythexane-l ,6- 
diisocyanate. 1 ,3-bis -[2-(2-(isocyanato)propyl]benzene (also known as tetramethybcylyldiisocyanate, 
(TMXDI), methylene bis -(phenyl isocyanate), 1 ,5-naphthalene diisocyanate, bis -(isocyanatoethyl fumarate), 
isophorone diisocyanate (IPDl), and methylene bis -{4-cyclohexylisocyanate)rThere can aiso be employed 
isocyanate-terminated adducts of diols such as~ethylene glycol or 1,4-butylene glycol, etc. These com- 
pounds are formed by reacting more than one mol of diisocyanate, such as those mentioned above, with 
one mol of diol to form a longer chain diisocyanate. Alternatively, the isocyanate-terminated diol adduct 
may be formed In situ by addition of the diol together with the diisocyanate to the reaction mixture. 

It is preferred to employ an aliphatic or cycloaliphatic diisocyanate or aliphatic isocyanurate since it has 
been found that these provide better color stability in the finished coating. Examples include 1,6- 
hexamethylene diisocyanate, the isocyanurate of 1 ,6-hexamethylene diisocyanate, 1,4-butylene 
diisocyanate, methylene bis -(4-cyclohexy! isocyanate), and isophorone diisocyanate (IPDI). However, 
aromatic diisocyanates in which the isocyanate groups are not directly attached to the aromatic ring such as 
TMXDl and meta -xyfylenediisocyanate may also be used. 

The alkoxy poty(oxyalkylene) alcohol employed in preparing the polyurethane macromonomers of this 
invention are oligomers formed by the alkoxyl-initiated polymerization of epoxides such as ethylene oxide, 
propylene oxide and the like. Tne compounds have the general formula 

RO-(-CH 2 -CH-0-) n H 
R' 

where R is lower alkyi, R' is hydrogen or lower alkyi, and the nominal value of n ranges between 20 and 75. 
The compounds, when R is methyl and R is hydrogen (formed by the methyoxyl-initiated polymerization of 
ethylene oxide) are generally known as "MPEG's" (methoxy polyethylene glycols) and are commercially 
available, for example, from Union Carbide Co. in a variety of molecular weights. The compounds are 
marketed under the tradenames MPEG XXXX where XXXX is a number indicating the average molecular 
weight For the purposes of this invention, the preferred alkoxy poly(alkylene oxide) alcohols are the 
MPEG's having weight average molecular weights in the range of between about 1200 and 3000. 
Particularly preferred are MPEG 1500 and MPEG 2000. 

The diols and triols used in forming the polyurethane macromonomers of this invention are preferably 
aliphatic compounds, i.e. compounds having two or more hydroxy! functions per molecule and having a 
straight-chain, branched-chain, or saturated carbocyclic ring. The aliphatic diols and triols are believed to 
impart flexibility to the final copolymer. Examples include ethylene glycol, propylene glycol, butylene glycol, 
neopentyl glycol, trimethylolethane, trimethylolpropane, and similar diols and triols of up to twenty carbon 
atoms. ... „. . j,. ■ 

Similarly, ester polyols formed by esterification of a diol or triol of the types just discussed with a 
carboxylic acid or hydroxy add may also be used. These compounds are characterized by at least two 
hydroxy groups andone ester group per molecule. Examples include monoesters of diols such as ethylene 
glycol, propylene giycoi, butyiene glycol, 1 f 6-hexanediol, trimethylolethane, trimethylolpropane and the like 
with hydroxy; acids or alkyhsubstituted hydroxy acids. Examples include hydroxyacetic acid, hydrox- 
ypropionic acid; 34i^roxy-2^<iimethylpropanoic acid and the like. A preferred ester polyoi is the 3- 
hydroxy-2,2 -dimethyl propyl ester of 3-hydroxy-2,2-dimethylpropanoic acid, commercially available as 
Esterdiol 204 from .Union Carbid8 Company. 

The nwmbethylatfcaJly uiisaiirated monomers having a single functional group reactive with Isocyanate 
which are emptoyed.in tte, synthesis of the polyurethane macromonomers of this invention are preferably 
selected from L hy^^ and methacrylates. Examples include hydroxymethyl acrytate, hydrox- 

ymethyi mettac^ acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, hydrox- 

ypropyl methacrylate,' rrydroxybutyi acrylate, hydroxybutyl methacrylate, and the like. 2-Hydroxyethyl 
acrylate is particularly 

Th poryrrwrs ^ be nonionicalty stabilized, or partially nonionicaOy and partially 

anlonicaily stabilized. ^.^^Jmonbethylenically unsaturated monomers which are chosen to synthesize th 
acryQc backbone of the resins of this invention are chosen, based upon a decision to design a compl tely 

4 
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nonionically stabilized resin or a partially nonionically/partially anionically stabilized resin In the case of 

zt^zrfiT^ '"■rv ettiyienicai,y unsaturated ~ s *s o ^the 

SLST^f , 3,6 fr6e °' Carboxyl Sroup-oontaining monomers such as acrylic acid 

methacryhc acid fumaric acid and the like, in this instance, the monomers for ayntte* oMto acrvlfc 
backbone are chosen from among the alkyl acrylates. alkyl methacrylates. hydroxyaC ^totes h5£ 
yalkyl methacrytates, styrene. and the like, with hydroxylalkyl acrylates ^JSSSS.SS^ 
The . composHion of the final polyurethane/acrylic graft copolymer^ then adiustS t SSn^SS 

10 
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mJ?JLT th f P y non,on,cal, y and P*«a«y anionically stabilized polyurethane/acrylic graft 
copolymers of this .nvenbon. the ethylenically unsaturated monomers chosen to synthesize the tadtene 
porton of the resins include small amounts of acrylic acid and/or methacrylic acid PreSy howetf Z 
amount of carboxy. group containing monomer (i.e. acrylic and/or methacrylic acid) is teptiow 

in practice the ratio of monomers employed in synthesizing the desired final polvurethane/acrvlic araft 
r ymer, Kr C ' Udln9 the •*yWa^>nn| M w polyurethane macromonomer. is chS so « SunVK 
the weigh percent MPEG segment in the final polymer ranges between 5% and 25^ weTgS Se tS 

turn on whether the desired product is to be totally nonionically or partially anionicall ? stabilized I If tha 

. SS\Z I£ tota " y r ionica " y stabi,i2ed - *• percenta9e of ^^TZTteTTJZ 

Z^LIT ra " 9eS " Le - be,Wen 3,301,1 12% b * we| 9 ht to *«* 25% by weight 

On the other hand. If a partially anionically stabilized resin product Is desired, acrylic acid methacrvlic 
«d. or a mixture of the two are chosen to form a fraction of the monomer employed in wlSSS 
teckbone portion of the polymer, and the amount of MPEG segment in the rtuiSTSSS 

2 °r ps may compri88 ,ess * *~ tom Tmas f 01 *™*- * •» of thT^gS 

discussed above, generally between about 5% and 15% by weight of the total final polyureftaLaTryS 

To prepare the ethylenlcally-temilnated polyurethane macromonomers, the proportions of diisocvanate 
hydroxyl functionalized monoethylenically unsaturated monomer, and diol and/or W^ nolnSS 
or monohydroxyfunctlonal polyether components are chosen so as to provide m^S^S!SZ!S- 

excess of the polyisocyanate. i.e. more than one isocyanate group per nucleophllic moietv (le oroun 

ITS Z ' n rr C ° mPOnentS With «£»«■ oipSoS*!^ 

ouhfl^wLf ' ^ 0X ! (P°'VOxyalkylene) alcohol in the presence of an antioxidant such as 

. sssssssr: izszr* ra8 ° of * N=c=o funcMty to hydroxyi * *« 

fun^r?^ !"°^J to P/ 009 ^ until ana, * sis of *• taction mixture indicates that an isocyanate 

ao2HL£^f*f '"'J"' 0 ? °f meq/B ' Pfeferab,y O- 25 remai " 8 - ^ Wis point acapping 
T?J a ," d "* reacti0n 18 "I™** to P r0C8ed «" remaining Isocyanate funcflonaUtv has 
I* 3 ***' J* ^'"0 a 9«* ™V be a diol. or a amine polyol. Suitable diols for cSI«eS Isrcvanme 
S°S J fl^rTtt m3cro r nomer « ^Bht-chain or branched ZSctTsat 
Si i , ree , t ° tWenty Carb0n 8toms - ^P 108 lnclu *» ethylene glycol, propylene glycol 
butylene glycol, neopentyl glycol. 1,6-hexanediol. and the like. Straight-chain or br^ch^SaTn aZ 

polyol as used throughout this specification and the appended claims is meant anorganic compound 
S ZTJl? r amine nitrD08n 'tom and one or more hydroxyl gi ExaTpETof 
r ay [ 1)0 " S8d 10 ^ "» P^"^ macromonomers^ this in^rSTinSde 
ethanolamine, diethanolamlne. -H2-hydroxyethyl)morpholine, and the like. 

i r^jrt 9 L*£!°. 9 motecular ^'OW ^ «» Polyurethane macromonomer Is generally between about 
3,000 and 20.000 Dattons. preferably between about 6.000 and 13.000 Daltons. , • ."T^ 

mJ^J^T"^. macro ™ nomer - ««« P">Pared. is mixed with the blend of ethylenically unsaturated 
ZT^^^l^ ^ backbone of the P°'^er and reacted in the pnwence of a suZe 
TiB^t 01 mS lnvemi0n - ^ 18 canled oTSer con~ 

bt^Tl ^ rT^,f l ?r t u f° Ch 88 toh,ene - ^.o^ an alcohol such as n -butanol. iso - . 

f^i fr8e radiCal inHlator " added to the reaction mixture together" with the rnoh- 
^^T^.^^ monom9r8, ^ Poly^ethane macromonomer. with small amounts of catalyst 
, r~ ™™° tetefsteges of the reaction if needed. Any suitable polymerization catalysts may be used to 
wtlate copotymerizatlon of the thylenically unsaturated monomers and ethytenically-terminated polyure- 
thane macromonomer including Inorganic peroxy compounds such as potassium or ammonium persulfate 
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hydrogen peroxide or percarbonates; organic peroxy compounds such as acyl peroxides including, for 
example, benzoyl peroxide; aikyl hydroperoxides such as tert -butyl hydroperoxide, cumene hydroperoxide, 
and p -menthane hydroperoxide; dialkyl peroxides such as~a di-tert -butyl peroxide; peroxy esters such as 
tert -butyl perbenzoate, tert -butyl peroctoate and the like; and mixtures thereof. The organic and inorganic 

s peroxy compounds are advantageously used in combination with any suitable reducing agents known in the 
art, including sodium pyrosulfite or bisulfite, sodium formaldehyde sulfoxylate, triethanolamine, tetraethylene 
pentamine, and the like. Also azo compounds such as azo-bis -{iso -butyronitrile), azo-bis - (iso -butyric acid 
ethyl ester), azi-bis -( iso -butyroamidine) and the iike may be"empFoyed as free radicallnltiators. 

The initiator catalysts are employed in catalytic quantities normally used to initiate polymerization 

w reactions of this type, i.e. generally in quantities of from about 0.01 % to 5% by weight, preferably between 
about 0.02% and 1% by weight, based upon the total weight of ethylenically unsaturated monomer present 
in the reaction mixture. 

As the reaction proceeds, the carbon-carbon double bond at the terminus of the monethytenically- 
termtnated polyurethane macromonomer is incorporated into the growing acrylic backbone. The result is the 

75 formation of a polymer comprising an acrylic backbone with pendant polyurethane graft side-chains. The 
polymerization reaction conditions are controlled to permit the formation of a pofyurethane/acrylic graft 
copolymer of weight average molecular weight of between about 15,000 and 60,000 Daltons, preferably 
between about 25,000 and 40,000 Daltons. 

The potyurethane/acrylic graft copolymers of this invention, prepared as described above can be 

20 employed as the principal or binder resin or as the pigment grind resin in bass coat paint formulations for 
automotive applications. When employed as principal resins, the resins are combined, in amounts generally 
ranging between about 10% by weight and about 40% by weight, based on total solids content of the base 
coat formulation, together with a pigment paste, a rheology control agent, leveling and flow additives, fillers, 
stabilizers, wetting agents, dispersing agents, adhesion promoters, etc. The pigment paste comprises a 

25 pigmenting agent (which may or may not additionally contain flake pigmenting agents" such as aluminum 
flake, mica flake, or metal oxide encapsulated mica flake), and a pigment grind resin. The viscosity of the 
final base coat formulation is adjusted to the desired value by the addition of water. 

Rheology control agents preferably incorporated into the base coat formulation help to control the 
viscosity of the resulting composition and are incorporated in amounts which prevent sagging or running 

30 after a base coat layer is sprayed onto a vertical substrate surface such as a motor vehicle body. The direct 
result of incorporating a rheology control agent is to provide flow control, body, and sprayability in the base 
coat formulation. Another favorable resutt of the inclusion of a rheology control agent is to allow for the 
application of thicker base coat layers during spraying, permitting better coverage and hiding of the 
substrate. The sprayed coatings containing these rheology control agents also exhibit better orientation of 

35 flake pigments such as aluminum or micaceous flakes which may be incorporated into the base coat 
formulation to provide a "metallic" sparkle effect. 

Rheology control agents which can be used in embodiments of the present invention include fumed 
silica compounds, and hectorite and bentonite clays. Preferred fumed silica compounds are the hydropho- 
bic fumed silicas such as Aerosil R972. available from Degussa Corporation, Frankfort, West Germany). 

40 Another preferred rheology control agent for base coat compositions of the present invention is a synthetic 
sodium lithium magnesium silicate hectorite clay. An sexample of one such clay is Laponite RD, available 
from Laporte, Inc.. Saddlebrook, NJ. The reheotogy control agent may also comprise mixtures of the above- 
mentioned agents. 

The rheology control agent may comprise from 0% to about 20% by weight of the basecoat 
45 composition, and generally comprises between about 1% by weight and 5% by weight of the final base 
coat composition. In general, the particle size of the rheology control agent plays a role in the overall 
thixotropic properties of the base coat formulations. The rheology control agents included in embodiments 
of this invention are suspended in the formulations and are believed to function, at least in part, through 
coulombic or electrostatic interactions. In general, the particle size ranges from less than about 0.01 
so microns to over about 200 microns. The particle size of the rheology control agent is selected to impart the 
desired flow, body, and sprayability of the finished base coat formulation. In most instances, the preferred 
particle size ranges between about 1 micron and about 10 microns. 

Additional agents may also be included in the base coat formulations of this invention, for example 
surfactants, fillers, stabilizers, wetting agents, dispersing agents, adhesion promoters, etc. While agents 
55 serving each of these functions are well known in the art, the amounts used must be carefully controlled to 
avoid adversely affecting the coating and its drying characteristics. 

When employed as a pigment grind resin, the polyurethane/acryiic graft copolymers of this invention 
are combined with one or more pigmenting agents known in the trade by conventional mixing, and then 

6 
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ground by ball milling, sand milling, passage through an attritor, or other known technique until the desired 
pigment particle size distribution is achieved. The paste is then diluted with water, if needed, to adjust the 
paste to the desired viscosity, and employed in base coat formulations as described above. In general, the 
resin will comprise from about 30% by weight to about 80% by weight of the total solids content of the 
5 pigment paste, preferably from about 40% to about 70% by weight. 

The base coat compositions described hereinabove can be applied to a metal or plastic substrate in 
one or more coats using, for example, an air atomized spray gun such as a Binks Model 60 spray gun, 
available from the Sinks Manufacturing Corp., Franklen Park, IL, or by using other conventional spraying 
means. The base coat compositions are generally sprayed at a pressure of 50-80 psi (344.7-551-6 kPa), at 

io a relative humidity of about 50% to 80% (preferably about 60% to 80%), and at temperatures between 
about 70-90 * F. (21 .1-32.2* C). 

After desposition of the base coat compositions, the base coat layer is flash dried at a temperature of 
between room temperature and about 145*F. (62.8* C). preferably about 120*F. (48.9 *C.), A second 
basecoat layer may be applied over the first without drying (flash off) or, alternatively, a clear coat layer 

is may be desposited over the first flashed base coat layer. Any number of well known clear top coat 
compositions known in the art may be used to apply the top coat layer. For example a high soHds solvent- 
borne top coat composition comprising a so-called monomelic highly alkylated mefamine such as Cymel® 
303 (available from American Cyanamid Company, Wayne, NJ) and a strong acid catalyst such as p - 
toluene sulfonic acid may be used. Alternatively, a top coat formulation utilizing a so-called polymeric less 

20 highly alkylated melamine such as Cymet® 327 may be used. As stated earlier, when a highly alkylated 
melamine resin is employed in the top coat formulation, it is preferred that the principal resin and grind 
resin of the bass coat formulation preferably be of the completely non-ionically stabllzed type free of 
carboxyl or carboxylate functionality When a polymeric less highly alkylated melamine resin is employed in 
the top coat formulation, the principal and/or grind resins of the base coat may be either the complete 

25 nonlonically stabilized type In accordance with this invention or the partially anionlcally stabilized type. In 
this instance, the base coat principal or grind resins may also be a mixture of the completely nonionically 
stabilized (i.e. carboxyl or carboxylate functionality-free) type and the partially anionteaJty stabilized 
(carboxyl or carboxylate functionality-containing) type. 

After application of the clear coat layer over the previously applied base coat layer, the multi-layer 

30 coating Is then baked to cross link the polymeric vehicles and to drive the small amounts of water and 
organic solvents from the layers. A preferred baking step involves heating the coated substrate for a period 
of from about 10 to about 60 minutes at a temperature of between about 150*F. (65.5 *C.) and 300* F. 
(148£* C). This baking step cures the multilayer coating to an attractive, glossy, hard, durable film. 

The following examples are provided to enable one skilled in the art to practice the present invention. 

3s However, these examples are merely illustrative of the Invention and are not to be read as limiting the 
scope of the invention as it Is defined by the appended claims. 



Example 1 
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Preparation of Ethylenically-Terminated Polyurethane Macromonomer - 1 



45 A mixture of 953.4 grams of methoxy polyethylene glycol (MPEG 1500, available from Union Carbide), 
75 g of hydraxyethyl acrylate, 85.4 g of trfmethyiolpropane, 423.4 g of Isophorone dflsocyanate, 280 g of 
. methyl propyl ketone and 10 g of butyl hydroxy toluene was placed In a 5-ilter, three-necked flask fitted 
a stirrer and condensor. The mixture was heated to about 85* C v wilh^n^ ;M/KbU at that 
temperature until analysis indicated an teocyanate group functionality meqfy I W atout 0.74. At jhrt point, 5.5 
so g of cffbutyl tin dllaurate was added to the reaction mixture and the mixture was hirtr^ stin^ and heated at 
80-85* C. until analysis _ fn^fe^/^Uocyanato group functionality, meo/g of about' 0.33. Dietiianolamine 
(66-3 g) was added to cap the residual isocyanate functionality, and the mixture stirred ard heated until 
" analysis Indicated the ebsencetrf isocyanate functionality. v : t fr' 

The mixture was then cooled and 200 g of ethylene glycol monobutyl ethV waa a<^^ 
ss mixture, followed a few minutes later by 4 g of butyl hydroxytoluene and then 200 g of dekxtod water. The 
mixture, 70% non-volatile content by weight, was filtered into a storage container for Jateftis^ 
resin contained 4.68% by weight hydraxyethyl acrylate and 59.46% methoxy poryelhylw ^ 
the total weight of solids and was found to have a weight av rage molecular weight of about 7,000 Dattons 



1VH/19M 1423:34 S 





EP 0 424 705 A2 



and a viscosity on the Gardner-Holt scale of Z1-Z2. 



Example 2 



5 



Preparation of Ethylenicalhy-Terrninated Polyurethane Macromonomer - 1 

to A mixture of the isocyanurate of hexamethylene diisocyanate (433 g, available as Desmodur N3390 
from Mobay Chemical Corp., Plastics & Coatings Division, Pittsburgh. PA 15205), 36.4 g of neopentyl 
glycol, 1015 g of methoxy polyethylene glycol (MPEG 1500, available from Union Carbide), and 85 g of 
methyl propyl ketone were placed in a 5-liter fiask fitted with a stirrer and condensor. The mixture was 
heated to 70* C. f at which point a mixture of 41.3 g of hydroxyethyl acryiate, 80 g of methyl propyl ketone, 

is and 6 g of butyl hydroxy toluene were added to the flask contents. The temperature of the flask contents 
was raised to about 90* C. and the flask contents were stirred and allowed to react at this temperature for a 
period of about three hours. 

Rve grams of a 3.3% by weight solution of dibutyl tin ditaurate in methyl propyl ketone were added to 
the flask contents, and the reaction was allowed to proceed at 90-95* C. until analysis indicated an 

20 isocyanate function group meq/g of about 0.21. Diethanolamine (37 g) was added to cap the residual 
isocyanate functionality and the mixture was allowed to react at 90-95 *C. until analysis Indicated the 
absence of Isocyanate functionality. Ethylene glycol monobutyl ether (250 g) was added to the flask 
contents and the mixture allowed to cool to about 70* C. At this point, 150 g of deionized water were added 
and the resulting mixture thoroughly mixed and filtered into a storage container for later use. 

25 The product contained 71.5% non-volatiles and had a viscosity of U-V on the Gardner-Holt scale. The 
resin contained 66.4% methoxypolyethylene glycol and 2.7% hydroxyethyl acryiate, based on the total 
weight of solids, and had a weight average moteculare weight of about 13,000. Daltons. 

30 " Example 3 



Preparation of Ethylenically-Termlnated Polyurethane Macromonomer - III 



A mixture of Isophorone diisocyanate (502.5 g), 123.0 g of trimethyblpropane, 25.5 g of the 3-hydroxy- 
2,2-dtmethyipropyl ester of 3-hydroxy-2,2-dimethylpropanoic acid (available from Union Carbide as Esterdiol 
204), 955 g of methoxy polyethylene glycol (available as MPEG 2000 from Union Carbide Co.), and 80 g of 
methyl propyl ketone was placed in a 5-liter flask fitted with a stirrer and condensor. The mixture was 
40 heated to 105* C. and held, with stirring, at a temperature of between about 105*C. and 110* C. for a 
period of two hours. At the end of this time, the mixture was cooled to about 65 * C. and a mixture of 51 g of 
hydroxyethyl acryiate and 8.1 g of butyl hydroxytoluene in 100 g of methyl propyl ketone was added to the 
reaction mbctima. After a W mlnutes, 3.4 g of a 3.3% weight percent solution of dibutyl tin ditaurate in 
methyl propyl l^fcalme^ to the flask contents and the mixture was then stirred and held at a 
46 temperature ■ Sf about 6S*C. to 70*C. until analysis indicated an isocyanate group meq/g of about 0.33. 
Trimethytolpn)pajie"X86 g) was then added to the reaction mixture and heating at stirring at 65-70 *C. was 
rontinuedjun^ absence of Isocyanate functionality. The mixture was then cooled and 

250 g of ettij<^ ether and 200 g of deionized water were added. The resulting product 

was 73% i jia^ a viscosity of Z3-Z4 on the Gardner-Holt scale. The resin comprised 

so 54.8% b^^^^o^ene glycol and 2.93 % by weight hydroxy ethyl acryiate based on total 
7 solids, ahd'Ksbj^ weight of about 13,800 Daltons. ' j 



35 




Polyurethane Macromonomer ■ IV 



Example 4 
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16 



A mixture of isophorone diisocyanate (488 g). 122.8 g of trimethylolpropane. 1040 g of methoxy 
polyethylene glycol (available as MPEG 2000 from Union Carbide Co.). and 100 g of methyl propyl ketone 
was placed « a 5-liter flask fitted with a stirrer and condenser. Th mixture was heated to itf&Lj he? 
with stimng. at a itemperature of between about 105' C. and no'c. for a period of two hours. At the end of 
51^?^ "T^ W3S 0001911 10 ab0ut 68C - anda mixt "re of 58.6 g of hydroxyethyl acrylate and 8.5 g 

12 TZTTZ? "J ° f ^ Pr0Py ' ket0n9 W3S ^ to * e r ^ ""xtuTe. After a few 
minutes, 4 0 g of a 3.3% weight percent solution of dibutyl tin dilaurate in methyl propyl ketone was added 
to the flask contents and the mixture was then stirred and held at a temperature of about 65* C to 70 * C 
until analysis indicated an isocyanate group meq/g of about 0.34. 1.6-Hexanediol (77.3 g) was then added to 
ttie reaction mixture and heating at stirring at 65-70' C. was continued until analysis indicated the absence 
of isocyanate functionality. The mixture was then cooled and a mixture of 258 g of ethylene glycol 
monobutyl ether and 3 g of butyl hydroxytoluene was added, followed by 200 g of delonlzed water The 
resulting product was 73% non-volatile solids, and had a viscosity of 21-22 on the Gardner-Holt scale The 
resin comprised 58.3% by weight methoxy polyethylene glycol and 4.34% by weight hydroxy ethyl acrylat 
based on total solids, and had a weight average molecular weight of about 13,500 Daitons 



20 



Example 5 
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Preparation of Polyurethane/Acrylic Graft Copolymer I 

A 5-liter three™* flask was equipped with a stirrer, condenser, and addition funnel. A mixture of 150 g 
of methyl propyl ketone and 250 g of ethylene glycol monobutyl ether was charged to the flask and the 
mixture heated to reflux (about 108 C). 

F^l^V^J^f? ° f 400 9 ° f *" 9tn y ,en,cal| y terminated poryurethana macromonomer from 
?T pl ? 1 ' 1 , 70 9 * me, W tnethacrylate, 300 g of butyl acrylate. 250 g of hydroxyethyl acrylate. and 76 g 
tort-butyl Peroctoate. This mixture was added gradually to the refluxing flask contents over a period of 
about four hours. When addition was complete, the resulting mixture was allowed to react for an additional 
one-half hour after winch time an additional 10 g of tort -butyl peroctoate. dissolved in 30 g od ethylene 
glycol monobutyl ether, was added to the flask. Thelnixture was allowed to react under reflux tor an 
addrtonai one-haff hour, after which time the flask contents were cooled and 1800 g of deionized water was 
added with vigorous stirring. 

^?r^ UCt , mixtUre W3S a c,ear solu,ion ' havin 9 30% non-volatile solids content and a viscosity of 
about 3000 centipoises and a pH of 4. The product resin had a calculated Tg of -15* C. 16.6% by weiaht 

Uf I™ - ccnt9 ^ (based on total 2 5 % ^ "eight hydroxyethyl acrylate content (based on 
total solids), and a weight average molecular weight of 24,500 Daitons. - ■■. 



40 



Examples 



4S Preparation of Polyurethane/Acrylic Graft Copolymer II 



so 



W%&;>hfv - *• ■■■■ 



^r^LTTt^J^ l qUiPPed ^ a st " T9r ' conden8or - ™« a^on funnel n -Butanol (275 g)l 
was charged to the flask and heated to reflux. - ,. - . • j>. M 

MSf5.ii ^l^T^^ aCry,at9 - 120 9 * 2-e*ylhexyl acrylate. 480 g of out^acrylate; and 25 g 
£g*2 *™?ff$&.-9 « Djbutanot This mixture was added gradually to^flaWcorteiits under 
refto(ab^ 110-115 a) ow aperlod of about four hours. Whan addition was cwnpWe. the mbc^ was 
he-ted under reflux for an additional on^haif hour and then o6dt6d. 6Ao^S^^»M W» added ' 
and the dear product dispersion was filtered into a container and stored for later Mm1ffiM?& 

about 3500 centipoises and a pH of 5A The product resin had a csJcuiatedTi of^!^ab% ; hv wJoh^ 
MPEG content (based on total solids). 15% by weight hydroxyethyl bc^^SSm offi 
and a weight average molecular weight of 25.000 Daitons. ^ 
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Example 7 



Preparation of Polyurethane/Acryfic Graft Copolymer III 

A 5-liter three-neck flask was equipped with a stirrer, condenser, and addition funnel, n -Butanol (410 g) 
was charged to the flask and heated to reflux. 

A mixture was prepared of 238 g of the ethylenically terminated polyurethane macomonomer from 
Example 3. 350 g of hydroxyethyl acrytate, 179.9 g of 2-ethylhexyl aery late, 296.7 g of methyl methacrylate, 
and 12.4 g of tort -butyl peroctoa t e. This mixture was added gradually to the flask contents under reflux 
(about 110-118*15.) over a period of about four hours. When addition was complete, 5.7 g of tert -butyl 
peroctoate In g of n -butanol was added to the flask and heating was continued for an additiorTone-half 
hour. At the end of this time, the mixture was cooled and 2000 g of deionized water was added to the flask 
contents with vigorous stirring. The product was filtered into a storage container for later use. 

The clear product dispersion had a dispersion particle size of 105 nanometers, 30% non-volatile solids 
content, a viscosity of about 2300 centipoises and a pH of 4.2. The product resin had a calculated T g of 
-6°C. V 20% by weight MPEG content (based on total solids), 15% by weight hydroxyethyl acrylate content 
(based on total solids), and a weight average molecular weight of 25,000 Daftons. 



Example 8 



Preparation of Polyurethane/Acrylic Graft Copolymer IV 

A 5-liter three-heck flask was equipped with a stirrer, condensor, and addition funnel, n -Butanol (430 g) 
was charged to the flask and heated to reflux. ~ 

A mixture was prepared of 209.5 g of the ethylenically terminated polyurethane macomonomer from 
Example 4, 400 g of hydroxyethyl acrylate, 155 g of 2- ethylhexyl acrylate, 293 g of methyl methacrylate, 
and 18 g of tert -butyl peroctoate. This mixture was added gradually to the flask contents under reflux 
(about 110-1 lITfc.) over a period of about four hours. When addition was complete, the mixture was heated 
under reflux for an additional one-half hour, at which point 5 g of tert -butyl peroctoate in 35 g of n -butanol 
was added to the flask and heating was continued for an additional one-half hour. At the end of "this time, 
the mixture was cooled and 1900 g of deionized water was added to the flask contents with vigorous 
stirring. The product was filtered into a storage container for later use. 

The clear product dispersion had a dispersion particle size of 150 nanometers, 29% non-volatile solids 
content, a viscosity of about 3300 centipoises and a pH of 4.4. The product resin comprised 8.9% by 
weight MPEG content (based on total solids), 40% by weight hydroxyethyl acrylate content (based on total 
solids), and a weight average molecular weight of 28,000 DaJtons. 



Example 9 



Preparation of Por/uretharte/AcryDc Graft Copolymer V 

A S-li^^^^^f^^waf^e^pped with a stirrer, condensor, and addition funnel, n -Butanol (410 g) 
was chBrj^^^fSm^p^^totenixx. ~ . . . j 

v' }Ajv^^^^^9gm^^Q^Bu7 g of the ethylenically terminated polyurethane macomonomer from 

" Example 203 g of 2-ethylhexyl acrytate, 312 g of methyl methacrylate, 19 

g of acrybi^a^^n^^SS^^t^^butyf peroctoate. This mixture was added gradually to the flask contents 

AmdeY.rel^ period of about four hours. When addition was complete, the 

mbd^ *^^ additional one-half hour, at which point 5 g of tert -butyl peroctoate 

in 35 g of l^^^btim^^d to the flask and heating was continued for an additional one-half hour. At 
the end of mbctiraSras cooled and 29 g of 4-ethylmorpholine was added to the flask contents 
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with stirring to neutralize the carboxyl functionality. Following this, 1900 g of deionized water was added to 
the flask contents with vigorous stirring. The product was filtered into a storage container for later use. 

The clear product dispersion bad a dispersion particle size of 135 nanometers, 30% non-volatile solids 
content, a viscosity of about 3700 centipoises, an acid number of 15 based on total solids, and a pH of 7.5. 
s The product resin had a calculated theoretical T g of o' C, comprised 15% by weight MPEG content {based 
on total solids), and had a weight average molecular weight of 32.100 Daltons. 



Example 10 



Preparation of Polyurethane/Acryiic Graft Copolymer VI 

is A 5-liter three-neck flask was equipped with a stirrer, condensor, and addition funnel n -Butanol (415 g) 
was charged to the flask and heated to reflux. 

A mixture was prepared of 249.8 g of the ethyienically terminated polyurethane macomonomer from 
Example 3, 400 g of hydroxyethyl acrylate, 149.8 g of 2-ethylhexyl acrylate. 255.1 g of methyl methacrylate, 
13.3 g of acrylic acid, and 18.2 g of tert -butyl peroctoate. This mixture was added gradually to the flask 

20 contents under reflux (about 11 0-1 18*153 over a period of about four hours. When addition was complete, 
the mixture was heated under reflux for an additional one-half hour, at which point 5 g of tert -butyl 
peroctoate in 30 g of n -butanol was added to the flask and heating was continued for an addfflonaTone-half 
hour. At the end of this time, the mixture was cooled and 16.4 g of dimethylethanoiamine was added to the 
flask contents with stirring to neutralize the carboxyl functionality. Following this, 1700 g of deionized water 

26 was added to the flask contents with vigorous stirring. The product was filtered into a storage container for 
later use. 

The clear product dispersion had a dispersion particle size of 70 nanometers, 31% non-volatile solids 
content, a viscosity of about 5000 centipoises, an acid number of 10.5 based on total solids, and a pH of 
7.85. The product resin had a calculated theoretical T 0 of 0*C. comprised 10% by weight MPEG content 
30 (based on total solids), and had a weight average molecular weight of 43,000 Daltons. 



35 



Example 1 1 



Preparation of a Water-Bome Silver Base Coat 

A series of silver base coat paint formulations were prepared using the poiyurethane/acrylic graft 

40 polymers prepared as described above in Examples 5 through 10, In each, case, a pigment slurry was V 
prepared by thoroughly blending 1450.2 g of aluminum pigment (60% solids) with 1633.8 g of partially 

methylated melamine (90% active) and 415.2 g of ethylene gtucol monobuty! etrter.Thls slurry was then v.. 

thoroughly blended with the principal resin dispersion of each Example In accordance with the formulations ' - 
given in Table 1. - - ' • 

4$ Following complete mbdng of the aluminum pigment slurry and principal resin dispersion, the rheotogy ^ 

control agent was blended into the mixture with high speed mixing. Deionized water was then added to the %| 

mixture until the 'non-volatile content was reduced to about 20% by weight and a viscosity of about 30 M 



seconds in a #2 Rsher cup was achieved. 
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Table 1 





Base Coat Formulations 


s Ingredients 


Example 
12 


Example 
13 


Example 
14 


Example 
15 


Example 
16 


Example 
17 


Aluminum pigment slurry 
Principal resin dispersion of 
Q Example 5 

Principal resin dispersion of 
Example 6 

Principal resin dispersion of 
Example 7 
5 PrfncfpaJ resin dispersion of 
Examples 

Principal resin dispersion of 
Example 9 

Principal resin dispersion of 
j Example 10 
Rheology control agent 2% 
aqueous dispersion of Laponite 
RD® 


583.2 
1906.0 

1650.0 


533.2 
1906.0 

1650.0 


583.2 
1906.0 

1650.0 


1918.0 
1650.0 


583.2 

1906.0 
1650.0 


583.2 

1845.0 
1650.0 
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Example 18 



30 



35 



Preparation of Red Pigment Paste 

-o^^ -~ .n ^p,e , was 

Krebs unL. and rTa pH «f 7& * and ^ mixed - ™ s mMure had • ****** of 66 

<o *J^1S™J^^Z^:T r Char99d ^ *«• After 3 hours. »e 

^yrw^r jLyS SnttroTr^ 2059,6 * ^ 



Testing 



«*e«M»13iSSa8?SS«^ . < *' ercoated ««h a clear coal layer. wBft both layers being 
nrSSSi^iW 3 "f? <** W3S to the bate carfrj stej 

• ea^Tn^^^^^W*^ * su . bsequem . d9ar 0091 >W. following application of the base cort. 

^^****3&g^*W f. (43.3 C.) for five minutes to flash dry the base cc^Tlayer^i 
55 ^^CSSSsSM&S^l^ alkylated nielamine (CymeW 303. available from 
^^™™&afflgWS «7470) was then spray applied over the uncured base coat layer The 

f^^S!!" 9 ", 81250 F ^'COforthirtyminutestDunBboS^renl 
^^^l^^ooat^^p.e^^^ 



12 
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The panels which had received a base coat layer only were subjected to a solvent rub test and the 
results compared with similarly prepared panels which had received a base coat layer prepar d from a 
polyurethane principal resin of the type disclosed in United States Patent 4,794,147. In this test, a soft cloth 
was saturated with methyl ethyl ketone and the cloth was then rubbed in a back-and-forth motion over the 
s coated panel until there was evidence of softening or removal of the baked base coat layer. In this test, the 
prior art polyurethane base coat layer showed softening or failure after ten to fifteen rubs, while the panels 
coated with the polyurethana/acrylic graft resin coatings of the present invention did not show any softening 
before fifty to one-hundred rubs. 

In another test, the panels which had received both a base coat layer in accordance with this invention 
/o and a clear coat layer were subjected to conditions of 100% relative humidity and 100* F, (37.8* C.) 
temperature for a period of ten days. After this treatment, each of the panels was scribed with an awl to 
produce a large "X* on the panel, cutting through the coating layers to the bare substrate metal. A piece of 
adhesive tape is pressed over the scribe mark, and pulled away. Removal of any of the coating layers is 
considered adhesive failure. The results of the adhesion tape-pull tests are given in Table 2. 

is 

Table 2 



so 



25 



Example 


Results of Adhesion 
Tape-Pull Test 


12 


Pass 


13 


Pass 


14 


Pass 


15 


Pass 


16 


Pass 


17 


Pass 



30 
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As discussed above, the use of an amlne-solubillzed base coat formulation with a high solids type clear 
coat formulation often causes problems. Amines, freed from the basecoat layer during the bake curing step 
will particeJly neutralize the strong acid catalyst required for curing of the monomeric fully alkylated 
melamfne cross-linking resins contained in a high solids clear top coat The result Is severe loss of 
•distinctness of image" or DOI. DOI is the glossiness of the topcoat, and can be measured, in one 
technique, by the use of ASTM 4449-85 in which the scattering of light at the edges of a specularly 
reflected beam of fight from the top coat surface Is measured. - , ^ 

The DOI of panels coated with the formulations of Examples 12-17 and overcoated with a super high 
solids acrylic dear coat cross-linked with a monomeric fully alkylated melamine resin appear in Table 3, 
compared with a panel which had been coated with a prior art anionic polyurethane basecoat and the same 
top coat formulation. In addition, Table 3 shows the DOI values for panels coated with the basecoat 
formulations of Examples 12-17 and overcoated with a. high solids acrylic clear coat usings a polymeric 
partically alkylated melamine cross-linking agent ;t v ^ 



Table 3 



50 



55 



Base Coat of Example 



12 
13 
14 
15 

Prior art anionic polyurethane 

13 
14 
15 

Prior art anionic polyurethane 



Clear Coat Type 



£i»y tuny teu»o iiietamino wvwtt-tuwor 

•. 



13 



1V1t/1«t 142330 S*to-1). 




Htgh-solids acrylic, monomeric highly alkylated melamine cross-linker 
Ditto" - v 
Dftto~ : 

Ditto.' '* 

Dto;^;^ .. ■ - /Vr 

High-soOds acrylic, polymeric, partially alkylated 

Ditto/ ^ , . ,:^^vm^m:-m£ 



dwo:^ 

Ditto * 
Ditto. 
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As can be seen by examining the data in Table 3, when a high solids acrylic top coat formulation, . 
employing a monomelic highly alkylated melamine cross-lining agent, is applied over the base coat 
formulations of the present invention, good gloss and distinctness of image is maintained for the resulting 

5 mufti-layer coating. In contrast, when a typical prior art water-borne polyurethane base coat formulation, 
solubiiized by amine, is employed with the same top coat, considerable loss in distinctness of image 
occurs. That this result is due to interference with amine (derived from the base coat layer) with the strong 
acid catalyst in the top coat can be seen by examining the data in the last half of Table 3. There, a high- 
solids acrylic top coat formulation which is cross-linked with a polymeric partially-alkylated melamine cross- 

w linking agent which does not require strong acid catalysts for cross-linking. The gloss and distinctness of 
image for both the coatings of this invention and for the prior art amine-solubilized polyurethane coatings is 
good. 

While there have been shown and described by example the preferred embodiments of the present 
invention, it is to be understood that the examples are merely illustrative and are not to be read as limiting 
76 the scope of the present invention as defined by the appended claims. 



Claims 

20 1. A water dilutable poiyurethane/acryllc graft copolymer comprising the reaction product of: 
A) an ethylenically terminated polyurethane macromonomer which is the reaction product of 
i) a polyisocyanate; 

it) a compound having at least tvo functional groups reactive with isocyanate; 
iii) a polyether having a single functional group reactive with isocyanate; and 
25 B) one or more ethylenically unsaturated monomers. 

2. A graft copolymer as defined by claim 1, further reacted with a capping agent 

3. A graft copolymer as defined by claim 2, wherein said capping agent is selected from diols. triols, 
amlnopolyols, and mixtures thereof. 

4. A graft copolymer as defined by claim 3, wherein said capping agent is selected from straight chain and 
30 branched chain diols of from three to twenty carbon atoms, preferably propylene glycol, butylene glycol, 

neopentyl glycol, or 1,6-haxanediol, or is a straight chain or branched chain aliphatic triol of from three to 
twenty carbon atoms or a mixture thereof, preferably trimethylolethane, trimethylolpropane, pentaerythritol 
or a mixture of two or more thereof or Is an amino polyol of from two to twenty carbon atoms, preferably 
aminoethanol or diethanolamine. 
35 5. A graft copolymer as defined by any one of the preceding claims, having a weight average molecular, 
weight between about 15,000 Dattons and about 60.000 Daltons. 

6. A graft copolymer as defined by any one of the preceding claims, wherein said compound having at least 
two functional groups reactive with isocyanate is selected from the group consisting of ester polyols, diols, 
triols, and mixtures thereof.! : . 

40 7. A graft copolymer as defined by claim 6, wherein said compound having at least two functional groups 
reactive wHh isocyanate is selected from straight chain and branched chain aliphatic diols of from three to 
twenty carbon atoms and mixtures thereof, preferably selected from ethylene glycol, propylene glycol, 
butylene glycol, neopentyl glycol, 1,6-hexanediol and mixtures thereof, or is selected from the group 
consisting of straight chain and branched chain aliphatic triols of from three to twenty carbon atoms and 

45 mixtures thereof, preferably selected from trimethylolethane, trimethylolpropane, and pentaerythritol and 
mixtures thereof, or is selected from polyester polyols of from four to twenty carbon atoms, preferably the 
Wiydraxy^S^o^ 

& A p^aft^cdjpofjn^ ^ defined by any one of the preceding claims, wherein said polyisocyanate is 
selected from anphattc^polyisoi^anates, cycloaliphatic polyisocyanates, aliphatic Isocyanurates, and rnbc- 
50 tures thereof ;and : ^prefe^ from 1 ,4-tetramethylene diisocyanate, 1,&-hexamethylene 

■ : ' tfisocyanatai^ 1,3-bis -[2(2-(isocyanato) propyl J>enzene (TMXDI), 

• > ; y meta -xyfy^ fumarate), isophorone diisocyanate (IPDI). and methylene 

- * 9. A graft copp>mTeTas o^ned by any one of the preceding claims, wherein said ethylenicalfy unsaturated 
55. monomers are selected from the group consisting of 

^ 'acrylic acfcfc^^^^^y^. ; ' . 

- - rrtethacryBc a cM,- >^ ■ «' : j i » - 

Ci-Cc alkyl veto* i of acryfc acid, 

• ■■.■5**' h ,i. -* »* * *;**-■. ■:' - 

'^.Ztk&Zi*?.-^ - ^4 . 
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Ci-C& alkyl esters of methacrylic acid, 
C1-C6 hydroxyalkyl esters of acrylic acid, 
Ci-Cg hydroxyalkyl esters of methacryl ic acid, 
Ci-C s alkyl esters of fumaric acid, 
5 Ct-Cs hydroxyalkyl esters of fumaric acid, 
styrene, and 
vinyttoluene. 

10. A graft copolymer as defined by any one of the preceding claims, wherein said polyether is selected 
from polyether alcohols and polyether amines and is preferably selected from the group consisting of 

to polyether alcohols having a weight average molecular weight between about 1200 and 3000 Daltons. 

11. A graft copolymer as defined by any one of the preceding claims, wherein said ethylenically terminated 
poiyurethane macromonomer has a weight average molecular weight of between about 3,000 Daltons and 
20,000 Daltons. 

12. A graft copolymer as defined by claim 10, wherein said graft copolymer contains between about 5% 
1$ and about 25% by weight of said polyether alcohols. 

13. A stabilized, water dilutable polyurethane/acrylic graft copolymer as defined by claim 1 comprising the 
reaction product of: 

A) from about 12% by weight to about 25 % by weight of an ethylenically terminated poiyurethane 
macromonomer which is the reaction product of 

20 i) a polyisocyanate; 

ii) a compound having at least two functional groups reactive with isocyanate: 
ill) a polyether having a single functional group reactive with isocyanate; and 

B) one or more ethylenically unsaturated monomers selected from the group consisting of 
Ci-Ce alkyl esters of acrylic acid, 

25 Ct-Cs alkyl esters of methacrylic acid, 

Ci-C& hydroxyalkyl esters of acrylic acid, 

Ci-Cc hydroxyalkyl esters of methacrylic acid, 

Ci-Ce alkyl esters of fumaric acid, 

Ct-Ct hydroxyalkyl esters of fumaric acid, 
30 styrene, 

vinyltoluene, 

acrylic acid, and 

methacrylic acid. 

14. A pigment paste comprising between about 30% by weight and about 80% by weight of a water 
35 dilutable polyurethane/acrylic graft copolymer as defined by any one of the preceding claims and one or 

more pigmenting agents. 

15. A substrate body coated with one or more base layers of a coating composition comprising a water- 
dilutable polyurethane/acrylic graft copolymer as defined by any one of claims 1-13. 



40 



45 



50 



55 




